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LOW-POWER MODULUS DIVIDER STAGE

CLAIM OF PRIORITY UNDER 35 U.S.C. §119

The present application for patent claims priority to Provi-
sional Application No. 60/817,572 entitled “Low power
modulus divider stage™ filed Jun. 28, 2006, and assigned to
the assignee hereol and hereby expressly incorporated by
reference herein.

BACKGROUND INFORMATION

1. Technical Field

The disclosed embodiments relate to multi-modulus divid-
ers (MMDs), and 1n particular to reducing power consump-

tion 1n a modulus divider stage (IMDS) of an MMD.

2. Background Information

The receiver and transmitter circuitry within a cellular
telephone typically includes one or more local oscillators.
The function of a local oscillator 1s to output a signal of a
selected frequency. Such a local oscillator 1n a cellular tele-
phone may, for example, include a phase-locked loop (PLL)
that receives a stable but relatively low frequency signal (for
example, 20 MHz) from a crystal oscillator and generates the
output signal of the selected relatively high frequency (for
example, 900 MHz). The feedback loop of the PLL includes
a Ifrequency divider that recerves the high frequency signal
and divides 1t down to obtain a low frequency signal that 1s of
the same phase and frequency as the signal from the crystal
oscillator. A type of divider referred to here a “multi-modulus
divider” 1s often used to realize the frequency divider. Due to
the high frequency operation of the frequency divider, the
circuitry of the frequency divider may consume an undesir-
ably large amount of power. Techniques and methods for
reducing the amount of power consumed by the frequency
dividers 1n the local oscillators are desired.

SUMMARY

A multi-modulus divider (IMMD) divides an input signal
SIN by a divisor value DV to generate an output signal SOUT.
The MMD includes a plurality of modulus divider stages
(MDSs) that are chained together to form the MMD. E

Each
MDS (except the last MDS) receives a feedback modulus
control signal from the next MDS 1n the chain. Fach MDS
also recerves a modulus divisor control signal S. If the modu-
lus divisor control signal S for a particular MDS has a {first
digital logic value then the MDS operates 1n a divide-by-two
mode, otherwise the MDS operates mn a divide-by-three
mode.

Each MDS includes a first stage and a second stage. In
accordance with a first novel aspect, 1t 1s recognized that the
output of the first stage does not transition when the MDS 1s
operating in the divide-by-two mode. To reduce power con-
sumption of the MDS, the first stage 1s unpowered during
divide-by-two mode operation.

In accordance with a second novel aspect, 1t 1s recognized
that the function of the first stage during divide-by-three
mode operation 1s to detect the feedback modulus control
signal and to supply a clock swallow control pulse onto the
control mput lead of the second stage at the proper time so as
to cause the second stage to perform a divide-by-three opera-
tion. In a typical operation of the MMD, an MDS stage 1n the
divide-by-three mode will actually perform a divide-by-three
operation only infrequently. Accordingly, power 1s conserved
in accordance with the second novel aspect by powering
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2

down the first stage when the MDS 1s 1n the divide-by-three
mode and the second stage 1s performing divide-by-two
operations.

A method 1n accordance with one novel aspect involves the
following three steps (a)-(c): (a) Using a modulus divider
stage (MDS) to divide an input signal by three. The MDS used
1s controllable to divide the input signal by either two or by
three and includes a first stage and a second stage. (b) Pow-
ering down the first stage of the MDS without powering down
the second stage of the MDS. (¢) After the powering down of
step (b), usmg the MDS to divide the input signal by two when
the first stage 1s powered down. In one example of the method,
the first stage need not be powered when the MDS 1s dividing
by two. The MDS 1s 1n a divide-by-three mode 1n which the
MDS 1s controlled by a modulus control signal to either
divide by two or to divide by three. When a divide-by-three
operation 1s anticipated, the first stage 1s powered up and 1s
then maintained powered during the divide-by-three opera-
tion. After completion of the divide-by-three operation, the
first stage 1s powered down so that 1t will be 1n a powered
down state during subsequent divide-by-two operations.

The foregoing 1s a summary and thus contains, by neces-
sity, stmplifications, generalizations and omissions of detail;
consequently, those skilled 1n the art will appreciate that the
summary 1s 1llustrative only and 1s not intended to be 1n any
way limiting. Other aspects, inventive features, and advan-
tages of the devices and/or processes described herein, as
defined solely by the claims, will become apparent in the

non-limiting detailed description set forth herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified diagram of a mobile communication
device (in this example, a cellular telephone) 1n accordance
with one novel aspect.

FIG. 2 1s a diagram of the RF transcerver integrated circuit
within the mobile communication device of FIG. 1.

FIG. 3 1s a diagram of a local oscillator 1n the RF trans-
ceiver integrated circuit of FIG. 2.

FIG. 4 1s a diagram of the frequency divider of the local
oscillator ol FIG. 3. The frequency divider 1s a multi-modulus
divider (MMD).

FIG. 5 1s a diagram of the input butfer 141 of the MMD of
FIG. 4.

FIG. 6 1s a simplified diagram of the output synchronizer
149 of the MMD of FIG. 4.

FIG. 7 sets forth an equation that indicates what the value
ol S[6:0] should be 1n order for the seven-stage MMD of FIG.
4 to divide by a desired divisor.

FIG. 8 1s a block diagram of one MDS of the MMD of FIG.
4.

FIG. 9 1s a diagram that illustrates how the MDS of FIG. 8

can operate to divide an mput signal SINBUF by two.

FIG. 101s a wavelorm diagram that illustrates signals in the
operation of the MDS of FIG. 9.

FIG. 11 1s a diagram that illustrates how the MDS of FIG.
8 can operate to divide an mput signal SINBUF by three.

FIG. 12 1s a wavetorm diagram that 1llustrates signals in the
operation of the MDS of FIG. 11.

FIG. 13 1s a diagram of representative wavetorms of input
signals FMC1 and SINBUF and output signals Q1 and Q2B
when the first MDS 142 of the MMD o1 FIG. 4 1s operating in
the divide-by-three mode.

FIG. 14 1s a detailed transistor-level circuit diagram of the

MDS 142 of the MMD of FIG. 4.

FIG. 151s a simplified wavetorm diagram that illustrates an
operation of the MDS of FIG. 14 in the divide-by-two mode.
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FI1G. 161s a simplified waveiorm diagram that illustrates an
operation of the MDS of FIG. 14 1n the divide-by-three mode.

FI1G. 17 1s a detailed wavelorm diagram of an operation of
the MDS of FIG. 14 in the divide-by-two mode.

FI1G. 18 1s a detailed wavetform diagram of an operation of 53

the MDS of FIG. 14 1n the divide-by-three mode.
FIG. 19 1s a flowchart of a method 1n accordance with one

novel aspect.

DETAILED DESCRIPTION 10

FI1G. 1 1s a simplified diagram of a mobile communication
device 100 1 accordance with one novel aspect. Mobile
communication device 100 in this case 1s a cellular telephone.
Cellular telephone 100 includes an antenna 101 and several 15
integrated circuits including a novel radio frequency (RF)
transceiver integrated circuit 102 and a digital baseband inte-
grated circuit 103. Digital baseband integrated circuit 103
includes primarily digital circuitry and 1includes a digital pro-
cessor. An example of digital baseband integrated circuit 103 »g
1s the MSM6280 available from Qualcomm Inc. Novel RF
transceiver integrated circuit 102 includes circuits for pro-
cessing analog signals.

FIG. 2 1s a more detailed diagram of the RF transceiver
integrated circuit 102 of FIG. 1. The recetver *““signal chain™ 23
104 includes a low noise amplifier (LNA) module 105, a
mixer 106, and a baseband filter 107. When recerving 1n a
GSM (Global System for Mobile Communications) mode, a
signal on antenna 101 passes through a switchplexer 108 and
then through path 109, through a SAW 110 and into LNA 105. 30
Whenrecerving in a CDMA (Code Division Multiple Access)
mode, a signal on antenna 101 passes through switchplexer
108, through a duplexer 111, and through path 112 and into
LNA 105. In all modes, LNA 105 amplifies the high fre-
quency signal. Local oscillator (LO) 113 supplies a local 35
oscillator signal of an approprate frequency to mixer 106 so
that the receiver 1s tuned to receive signals of the proper
frequency. Mixer 106 demodulates the high frequency signal
down to a low frequency signal. Unwanted high frequency
noise 1s {iltered out by baseband filter 107. The analog output 40
of baseband filter 107 1s supplied to an analog-to-digital con-
verter (ADC) 114 1n the digital baseband integrated circuit
103. ADC 114 digitizes the analog signal into digital infor-
mation that 1s then processed further by a digital processor in
the digital baseband integrated circuit 103. 45

The transmitter “signal chain™ 115 includes a baseband
filter 115, a mixer 117 and a power amplifier module 118.
Digital information to be transmitted 1s converted into an
analog signal by digital-to-analog converter (DAC) 119
within digital baseband integrated circuit 103. The resulting 50
analog signal 1s supplied to baseband filter 116 within the RF
transceiver itegrated circuit 102. Baseband filter 116 filters
out unwanted high frequency noise. Mixer 117 modulates the
output of baseband filter 116 onto a high frequency carrier.
Local oscillator (LLO) 120 supplies a local oscillator signal to 55
mixer 117 so that the high frequency carrier has the correct
frequency for the channel being used. The high frequency
output of mixer 117 1s then amplified by power amplifier
module 118. When transmitting 1n the GSM mode, power
amplifier module 118 outputs the signal via path 121, through 60
switchplexer 108, and onto antenna 101. When transmitting
in a CDMA mode, power amplifier module 118 outputs the
signal viapath 122 to duplexer 111. The signal passes through
duplexer 111, through switchplexer 108, and to antenna 101.
Theuse of duplexer 111 and switchplexer 108 that allow both 65
for non-duplex (for example, GSM) and for duplex (for
example, CDMA1X) communication 1s conventional. The

4

particular circuit of FIG. 2 1s just one possible implementa-
tion that 1s presented here for illustrative purposes.

Operation of local oscillators 113 and 120 1s explained
below 1n connection with operation of local oscillator (LO)
113 1n the recerver. FIG. 3 1s a more detailed diagram of local
oscillator 113. Local oscillator 113 includes a crystal oscilla-
tor signal source 123 and a fractional-N phase-locked loop
(PLL) 124. In the present example, the crystal oscillator sig-
nal source 123 1s a connection to an external crystal oscillator
module. Alternatively, the crystal oscillator signal source 1s
an oscillator disposed on RF transceiver integrated circuit
102, where the crystal 1s external to integrated circuit 102 but
1s attached to the oscillator via terminals of the integrated
circuit 102.

PLL 124 includes a phase-detector (PD) 125, a charge
pump 126, a loop filter 127, a voltage controlled oscillator
(VCO) 128, a signal conditioning output divider 129, and a
novel frequency divider 130 (sometimes called a “loop
divider”). Frequency divider 130 recerves a frequency divider
mput signal SIN of a first higher frequency F1, frequency
divides the signal by a divisor D, and outputs a frequency
divider output signal SOUT of a second lower frequency F2.
Over a plurality of count cycles of frequency divider 130,
F2=F1/D when the PLL 1s locked. When locked, the fre-
quency F2 and phase of the SOUT signal matches the fre-
quency and phase of the reference clock signal supplied from
crystal oscillator signal source 123.

Frequency divider 130 includes a novel multi-modulus
divider (MMD) 131, an adder 132, and a sigma-delta modu-
lator 133. Frequency divider 134 divides the frequency
divider mput signal SIN on mput node(s) 134 by a value DV
in a count cycle and generates the frequency divider output
signal SOUT on output node(s) 135. The value DV is the sum
of a first digital value on first digital input port 136 of adder
132 and a second digital value on second digital input port
137 of adder 132. Sigma delta modulator 133 varies the value

on the second digital input port 137 over time such that over
multiple count cycles of the MMD, F2=F1/D.

High-Level Description of Multi-Modulus Divider:

FIG. 4 1s a more detailed diagram of MMD 131 of FIG. 3.
MMD 131 includes an iput butier 141, seven multi-modulus
divider stages (MDS stages) 142-148, and an output synchro-
nizer 149. The first three MDS stages 142-144 are imple-
mented 1 current mode logic (CML). The last four MDS
stages 145-148 are implemented 1n complementary metal
oxide semiconductor (CMOS) logic. Inverters 150-153 both
ivert and convert from CMOS logic signals and levels to
CML logic signals and levels. Each MDS stage of FIG. 4 can
divide by either two or by three depending on the values of a
modulus divisor control signal S and a feedback modulus
control signal FMC. The letters FMC here stand for “feed-
back modulus control”. The divisor value DV that the overall
MMD 131 divides by 1s determined by the values of the seven
S modulus divisor control signals S[6:0].

FIG. 5 1s a more detailed diagram of mput buffer 141 of
FIG. 4. Each of the two mverters 1s realized using CML logic.
Although the signal lines are 1llustrated as single signal lines,
cach of the illustrated signal lines actually represents two
physical signal lines. The signals used in the CML logic are
differential signals.

FIG. 6 1s a more detailed diagram of output synchronizer
149 of FIG. 4. Output synchromizer 149 utilizes a self-timing
technique to generate the MMD output signal SOUT on out-
put node 135. In a conventional synchronizer (sometimes
called a “retiming circuit™), the high speed MMD 1nput signal
passing 1nto the MMD 1s generally the signal used to synchro-
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nize the MMD output signal to reduce jitter 1n the MMD
output signal. Using such a high speed signal to do the syn-
chronizing causes the synchronizer to consume a large
amount of power. In one advantageous aspect, 1t 1s recognized
that modulus control signal MC1B of FIG. 4 1s a low-jitter
signal that transitions high at a time when the period of the
desired output signal SOUT should transition. The low-jitter
modulus control signal MC1B, however, does not have the
50/50 duty cycle of the desired SOUT signal. (The signal
MC1 1s the logical iverse of the signal MC1B on conductor
155 1n FIG. 4.) It 1s also recognized that by logically combin-
ing one or more of the MDS output signals O1-O7, it 1s
possible to generate a signal that remains low during the first
half of the period of the desired signal SOUT, and that first
transitions high at a time that 1s approximately midway in the
pertod of the desired signal SOUT. Accordingly, in the
embodiment of FIG. 6, modulus control signal MC1 1s sup-
plied to the active low setinput lead (SB) of flip-tlop 154 to set
tlip-flop 154. A high-to-low transition of the low-jitter signal
MC1 asynchronously sets the signal SOUT high at the
desired time. Block 156 represents combinatorial logic. In the
present example, O6 1s a signal that 1s low for the first half of
the period of the desired SOUT signal, and then transitions
high. The low-to-high transition of O6 (which passes through
block 156 1n this embodiment) serves to clock tlip-tlop 154,
thereby clocking 1n a digital logic low. The resulting signal
SOUT that 1s output from flip-tflop 154 1s the desired signal
that has the desired frequency and that has a duty cycle that 1s
approximately 50/50. The rising edge of SOUT has low-jitter
with respect to the MMD input signal. The high speed MMD
mput signal (SINBUF) 1s not used in the synchronizing,
thereby reducing power consumption 1n comparison to a con-
ventional synchronizer. Rather than using MC1 to set flip-tlop
154, a corresponding one of the modulus control signals
MC2, MC3 or MC4 could have been used. MC2 1s of lower
frequency content than MC1, but has more jitter relative to
SINBUF. Using the lower frequency content signal MC2 to
set flip-flop 154 would reduce power consumption in the
synchronizer, but would result 1n the signal SOUT having
more jitter. In one novel aspect, the circuit of FIG. 6 allows a
power consumption to jitter tradeott to be had and allows the
best compromise to be selected for the particular application

to which the MMD 1s put.

FI1G. 7 sets forth an equation that indicates what the modu-
lus divisor control signals S[6:0] should be 1n order for MMD

131 to divide by a desired divisor value DV. If, for example,
MMD 131 1s to divide by a divisor value of 181, then S[6:0]

should be the value [0110101].

High-Level Description of an MDS Stage:

FI1G. 8 1s a simplified diagram of the first MDS stage 142 of
MMD 134 of FIG. 4. The first MDS stage 142 has a structure
that 1s representative of the structures of the other MDS stages
143-148. First MDS 142 includes a first stage 157 and a
second stage 158. First stage 157 includes a D-type flip-flop
159, an OR gate 160, a NOR gate 161, and an inverter 150.
The OR gate 160, NOR gate 161 and inverter 150 o FIG. 8 are
the same OR gate 160, NOR gate 161 and inverter 150 of FIG.
4. As described 1n further detail below, the functionality of
gates 160 and 161 can be incorporated into the circuitry of

tlip-flop 159 where flip-flop 159 1s a CML {lip-tlop.

Second stage 158 includes a D-type flip-flop 162 and a
NOR gate 163. As described 1n further detail below, the
functionality of gate 163 can be incorporated into the circuitry
of thip-tlop 162 where flip-tlop 162 1s a CML flip-tlop. MDS
stage 142 recerves an input signal SINBUF on input lead(s) I
164 and 165 and outputs an output signal O1 on output lead(s)
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O 166 and 167. Input lead 168 1s an input lead for recerving
the feedback modulus control signal FMC1 from second
MDS stage 143. Input lead 169 1s an input lead for receiving
the modulus divisor control signal S[0] that determines
whether MDS 142 will be 1n a “divide-by-two mode” or will
be 1n a “divide-by-three mode”. Input leads 170 and 171 are
used to receive signals for powering down and up flip-tlop
159 as explained in further detail below. In operation, 1f
modulus divisor control signal S[0] 1s a digital logic low, then
MDS stage 142 1s 1n the divide-by-two mode. If, one the other
hand, modulus divisor control signal S[0] 1s a digital logic
high, then MDS 142 1s 1n the “divide-by-three mode”. In the
divide-by-three mode, MDS 142 either divides by two or
three depending on the state of tlip-flop 162 and the logic level
of feedback modulus control signal FMC1. If both feedback
modulus control signal FMC1 and the Q2B signal output
from tlip-tflop 162 have digital logic low levels, then MDS 142
divides by three during the next three periods of input signal
SINBUF. If both feedback modulus control signal FMC1 and
the Q2B signal output from thp-flop 162 are not at digital
logic low levels, then stage 142 divides by two.

FIG. 9 15 a circuit diagram that 1llustrates how MDS stage
142 divides by two 1f modulus divisor control signal S[0] 1s a
digital logic low level. If S[0] 1s a digital logic low, then NOR
gate 161 outputs a digital logic low regardless of any other
signal values. NOR gate 161 therefore outputs a digital logic
low onto the D-1nput lead of flip-flop 159. As tlip-tlop 159 1s
clocked, the digital logic low on the D-input lead 1s repeatedly
clocked 1nto flip-tlop 159 such that the (Q1 signal output from
tlip-flop 159 1s maintained at a digital logic low level. A
digital low value therefore remains on the upper input lead
172 of NOR gate 163 as indicated by the “0” on the upper
iput lead 172 of NOR gate 163 1n FIG. 9. Accordingly, the O
signal output by flip-flop 162 1s therefore communicated back
through the lower mnput lead 173 of NOR gate 163, through
NOR gate 163, and to the D-input lead of flip-tlop 162. This
signal path 1s indicated 1n FIG. 9 by dashed line 174. Because
the Q output lead of flip-tlop 162 i1s coupled to the D-input
lead of tlip-flop 162 through NOR gate 163, the feedback loop
iverts and flip-flop 162 operates as a toggle flip-tlop. Flip-
flop 162 of second stage 158 therefore toggles and divides the
input signal on input leads 164 and 165 by two and outputs the
resulting signal onto output leads 166 and 167. In contrast to
this, tlip-tlop 159 of first stage 157 does not change state and
simply holds the digital logic low value on the upper 1nput
lead 172 of NOR gate 163.

FIG. 10 1s a simplified wavetform diagram that shows the
operation of MDS stage 142 1n the divide-by-two mode. As
explained above, the Q1 signal output from flip-flop 159 of
the first stage does not change state. Flip-flop 162 of the
second stage toggles to divide the mput signal SINBUF by
two.

FIG. 11 1s a circuit diagram that 1llustrates how MDS 142
divides an input signal SINBUF on imnput leads 164 and 165 by
three 11 modulus divisor control signal S[0] 1s a digital logic
high level. Initially, assume that flip-flop 159 1s set to store a
digital logic low state and assume that tlip-flop 162 1s set to
store a digital logic high state. Signal Q1 1s therefore a digital
logic low value and signal Q2 1s a digital logic high value.
Initially, also assume that feedback control signal FMC1 1s a
digital logic low level. Because S[0] 1s a digital logic low high
value, because FMC1 1s a digital logic low value, and because
the Q2B signal output from tlip-tlop 162 1s a digital logic low
level, NOR gate 161 outputs a digital logic high level onto the
D-input lead of thip-tlop 159. Because the Q1 signal output by
tlip-tflop 159 1s a digital logic low value, NOR gate 163 inverts
the value of the signal Q2 output by tlip-tlop 162. Accord-
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ingly, on the next rising edge of the SINBUF signal that
clocks the flip-tlops, thp-tlop 159 of the first stage clocks 1n
the digital logic high value such that signal Q1 becomes a
digital logic high value. At the same time, flip-flop 162 clocks
in a digital logic low value such that signal Q2 becomes a
digital logic low value and signal Q2B becomes a digital logic
high value.

After the clock edge, signal Q2B 1s a digital logic high
level. NOR gate 160 therefore outputs a digital logic high
value, and NOR gate 161 outputs a digital logic low value. On
the next rising edge of the clock signal SINBUF, flip-tlop 159
clocks 1n this digital logic low value. The signal Q1 therefore
transitions to a digital logic low level. Prior to this rising edge
of the clock signal, a digital logic low was present on the
D-1nput of flip-flop 162. On the rising edge of the clock signal
SINBUF, tlip-tlop 162 continues to drive signal Q2 to a digital
low. Signal Q2B remains a digital logic high value. It 1s
therefore seen that toggling of the flip-flop 162 of the second
stage 158 1s effectively suspended, and the signal Q2B output
from flip-tlop 162 remains at the digital logic high value for
two SINBUF periods.

After this rising edge of the clock signal, the Q1 signal
output by tlip-tlop 159 1s at a digital logic low. NOR gate 163
again functions to mvert the signal Q2 and to supply the
iverted version ol Q2 onto the D-nput lead of flip-tlop 162.
The Q2 signal has a digital logic low logic level. Accordingly,
on the next rising edge of the clock signal SINBUF, flip-flop
162 resumes its toggling such that signal Q2 transitions to a
digital logic high value. The count cycle therefore repeats
because Q1 1s now a digital logic low value, and Q2B 1s a
digital logic low value. It 1s therefore recogmized that the
upper input lead 172 of NOR gate 163 1s a “control input lead”
of the second stage 158 1n the sense that a digital logic low
level signal on this control input lead allows tlip-tlop 162 to
toggle, whereas a digital logic high level signal on this control
input lead when the Q2 signal 1s a digital logic low value after
the next rising edge of SINBUF.

FIG. 12 1s a stmplified waveform diagram that shows the
operation of MDS stage 142 when S[0]=1 and FMC1=0. The
period of the input signal SINBUF on mput lead 164 1s three
times the period of the output signal Q2B on output lead 166.

Note that 1n the operational examples of FIG. 11, the feed-
back modulus control signal FMC1 has a digital logic low
value. If, on the other hand, the feedback modulus control
signal FMC1 had a digital logic high value, then the signal
output by NOR gate 161 would be a digital logic low value,
regardless of the values of the other signals S[0] and Q2B. IT
FMC1 were a digital logic high value, then tlip-tlop 159
would clock 1n a digital logic low value, tlip-tlop output signal
Q1 would be a digital logic low value, and the second stage
158 would operate as a toggle flip-flop. Accordingly, the
teedback modulus control signal FMC1 being a digital logic
high value forces the MDS stage 142 to divide by two, regard-
less of the value of S[0]. If, however, the feedback modulus
control signal FMC1 has a digital logic low value, then the
MDS stage either divides by two or divides by three depend-
ing on the value of S[0].

FIG. 13 1s a diagram of representative waveforms of input
signals FMC1 and SINBUF and output signals Q1 and Q2B
of the first MDS stage 142 when MDS stage 142 1s operating
in MMD 131 of FIG. 4. Because S[0]=1, MDS stage 142 1s 1n
the divide-by-three mode. Most of the time, feedback control
signal FMC1 1s at a digital logic high value as illustrated. As
can be seen from FIG. 11, OR gate 160 outputs a digital logic
high value, and NOR gate 161 outputs a digital logic low
value, regardless of the values of the signals. A digital logic
low value 1s therefore present on the D-mnput lead of tlip-tlop
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159. This digital logic low value 1s clocked 1nto flip-flop 159
and 1s present on the upper input lead 172 of NOR gate 163.
NOR gate 163 therefore functions to invert the value of the
signal Q2 and to present the inverted version of the signal Q2
onto the D-input lead of tlip-tflop 162. The second stage 158
therefore functions as a toggle flip-tlop. The period of the
Q2B signal output by the second stage 1s twice the period of
the mnput clock signal SINBUF. The circuit therefore divides
by two for most of the time, despite the fact that MDS stage
142 1s 1n the divide-by-three mode.

I1 the feedback control signal FMC1 is pulsed to a digital
logic low level as indicated 1n FIG. 13 due to the operation of
higher MDS stages of MMD 131, then when signal Q2B 1s at
a digital logic low level, OR gate 160 will output a digital
logic low value and digital logic low values will be on both
input leads of NOR gate 161. NOR gate 161 will output a
digital logic high value. On the next rising edge of SINBUF,
thip-tflop 159 clocks 1n this digital logic high value. As
explained above in connection with FIG. 12, this places a
digital logic high value onto the upper input lead 172 o1 NOR
gate 163. On the next rising edge of SINBUF, rather than the
tlip-flop 162 of the second stage 158 toggling, a logical low
value 1s clocked into flip-flop 162. This digital logic low 1s the
same state that flip-tflop 162 was 1n prior to the rising edge of
SINBUF. Accordingly, the toggling of flip-flop 162 1s sus-
pended. The Q1 signal, however, does transition back down to
a digital logic low level because (Q2B was a digital logic high
level prior to the rising edge of SINBUF. As seen 1in FIG. 13,
signal FMC1 also transitions back up to a digital logic value.
On the next rising edge of SINBUF, thp-flop 162 of the
second stage 158 resumes toggling because a digital logic low
1s present on the upper input lead 172 of NOR gate 163. The
signal Q2 therefore transitions to a digital logic high and the
signal Q2B transitions to a digital logic low. Accordingly,
pulsing FMC1 low causes the MDS stage 142 to perform a
divide-by-three operation as indicated in the wavetform of
FIG. 13. Otherwise, MDS stage 142 performs divide-by-two
operations. Due to the way the MMD circuit of FIG. 4 gen-
erates the feedback control signal FMC1, MDS 142 may
perform a divide-by-three operation only periodically, even
though MDS 142 1s 1n the “divide-by-three mode™.

Low-Level Circuit Description of an MDS Stage:

FIG. 14 1s more detailed transistor-level circuit diagram of
MDS 142 realized in CML logic. Dashed line 157 encloses
the transistor-level structure of first stage 157 of FIG. 8.
Dashed line 158 encloses the transistor-level structure of
second stage 158 of FIG. 8. The logic o1 OR gate 160, inverter
150, and NOR gate 161 of FIG. 8 i1s built into the CML
structure of the flip-tlop of first stage 157. Dashed line 175 1n
FIG. 14 circles this logic. Node N1 1s the data node of the first
stage of the thp-flop 159 of first stage 157. Node N2 1s a
differential comparison node. Any one of the N-channel pull-
down transistors M1, M2 and M3 can be made conductive to
pull node N1 down. If none of these transistors M1, M2 and
M3 1s conductive, then pullup resistor 176 maintains node N1
at a digital logic high value. Pullup resistor 177 1s the pullup
resistor for the differential comparison node N2. The bias
voltage VCM on the gate of transistor M4 biases node N2. IT
the voltage on node N1 1s lower than the voltage on differen-
t1al comparison node N2, then the first stage of the flip-flop 1s
set at a first state. I, on the other hand, the voltage onnode N1
1s higher than the voltage on differential comparisonnode N2,
then the first stage of the flip-flop 1s set at a second state. The
structure within dashed line 175 1s therefore a wired-NOR
type structure having three signal inputs, Q2B, FMC1 and the
logical inverse of S[0].
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The logic of NOR gate 163 of FIG. 8 1s built into the CML
structure of the tlip-tlop of second stage 158. Dashed line 178
in F1G. 14 circles this logic. N-channel transistors M5 and M6
are pulldown transistors that can pull node N3 down. Resistor
179 1s a pullup resistor for node N3. Bias voltage VCM
controls transistor M7 to bias differential comparison node
N4. Resistor 180 1s the pullup resistor for diflerential com-
parison node N4. I1 the voltage on node N3 is lower than the
voltage on differential comparison node N4, then the first
stage of the thip-tlop 1s set at a first state. I, on the other hand,
the voltage on node N3 1s higher than the voltage on differ-
ential comparison node N4, then the first stage of the tlip-tlop
1s set at a second state. The structure within dashed line 178 1s
therefore a wired-NOR type structure having two signal
inputs, Q1 and Q2.

Flip-tlop 159 of first stage 157 can be disabled such that the
tlip-flop does not transition states, thereby reducing power
consumed by the flip-flop when 1t 1s clocked. There are two
P-channel transistors 181 and 182 that are disposed 1in the path
of supply current from the supply voltage VDD source con-
ductor 183 to the various pullup resistors of the CML cir-
cuitry. If signals CT and C'TD (CT delayed) are digital logic
high values, then these transistors 181 and 182 are non-con-
ductive. If transistors 181 and 182 are non-conductive, then
the supply voltage VDD conductor 183 1s disconnected from
the tlip-flop circuitry.

If the flip-tlop of first stage 157 were to be disabled and
unpowered 1n this way, then the output Q1 of first stage 157
should not be left floating at an undetermined value. An
N-channel power-down transistor 184 1s therefore provided
to couple the Q1 output node to ground conductor 194 11 the
disable signal C'TD 1s at a digital logic high. Coupling the Q1
output node to ground conductor 194 maintains the Q1 signal
at a digital logic low level during the time first stage 157 1s
powered down.

Power enable override signal SPEN on input lead 185 15 an
active signal. IT SPEN 1s a digital logic high, then AND gate
186 outputs a digital logic low, thereby causing 2-to-1 mul-
tiplexer 187 to select the digital logic high value on 1ts upper
data mput lead. This digital logic high value 1s 1nverted by
inverter 189 such that signal CT 1s forced and maintained at a
digital logic low level. This maintains the first stage 157 1n an
enabled and powered state regardless of the values of the
other control signals S[0] and MC3. Similarly, the digital
logic high value output by multiplexer 187 causes the signal
CTD to be maintained at a digital logic low level. SPEN 1s
therefore called a “power enable override signal”.

It 1s recogmized that first stage 157 of MDS 142 does not
transition state when the MDS 142 i1s 1n the “divide-by-two
mode” as explained above 1n connection with FIGS. 9 and 10.
Rather, the (Q1 signal that 1s output by first stage 157 1s always
at a digital logic low level as indicated 1n FIG. 10. In one novel
aspect, 11 MDS 142 1s 1n the divide-by-two mode and SPEN 1s
not asserted (1.e., 1s a digital logic low level), then the flip-tlop
of first stage 157 1s disabled and 1s unpowered. Power-down
transistor 184 1s made conductive, thereby putting the desired
digital logic low value onto the Q1 output lead of the first
stage 157. This occurs because 11 S[0] 1s a digital logic low,
then AND gate 186 outputs a digital logic low onto the select
input lead of 2-to-1 multiplexer 187. Multiplexer 187 there-
tore couples the multiplexer’s upper data mnput lead (denoted
“0”) to the multiplexer output lead. Because SPEN 1s a digital
logic low, a digital logic low value passes through multiplexer
187, and 1s mverted by inverter 189 such that signal CT 1s a
digital logic high value. If CT 1s a digital logic high value,
then transistor 181 1s non-conductive and power-down tran-
sistor 184 1s conductive. Stmilarly, 1 multiplexer 187 1s out-
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putting a digital logic low, then NAND gate 190 outputs a
digital logic level high, inverter 191 outputs a digital logic
level low, and inverter 192 outputs a digital logic level high.
Accordingly, shortly after the signal C'T makes transistor 181
nonconductive, signal CTD transitions to a digital logic level
high and transistor 182 1s made non-conductive. The supply
voltage VDD conductor 183 1s therefore decoupled from the
pullup resistors of the stage 157 1n a staggered manner to
reduce the magnitude of changes 1n supply current tlowing
into the tlip-tflop. When CT and CTD are digital logic level
high values, the first stage 157 1s disabled an unpowered.

FIG. 15 1s a simplified waveform diagram illustrating
operation of MDS 142 i the divide-by-two mode (S[0]=0)
when SPEN 1s a digital logic low level. Signals C'T and CTD
are digital logic high levels. First stage 157 of MDS 142 1s
therefore disabled and unpowered even though second stage
158 remains powered and functions to divide the SINBUF
input signal by two.

It 15 also recognized that first stage 157 of MDS 142, when
operating 1n the “divide-by-three mode” (S[0]=1), only tran-
sitions state at the beginning of a divide-by-three operation If
MDS 142 1s 1n the divide-by-three mode, but 1s not being
controlled to perform a divide-by-three operatlon then the
Q1 signal that 1s output by tlip-tlop 159 remains at a digital
logic low level.

FIG. 16 15 a simplified waveform diagram illustrating
operation of MDS 142 1n the divide-by-three mode (S[0]=1)
in a typical scenario where for the majority of the time the
teedback control signal FMC1 1s not controlling MDS 142 to
perform a divide-by-three operation. MDS 142 therefore per-
forms divide-by-two operations for the majority of the time.
The only function of the flip-tlop of first stage 157 1s to detect
when the signal FMC1 1s a digital logic low level, and to assert
a high pulse of the signal Q1 onto the upper input lead 172 of
NOR gate 163 (see FIG. 11). As explained 1n connection with
FIGS. 11 and 12 above, asserting a digital logic high value
onto the upper mput lead 172 of NOR gate 163 causes NOR
gate 163 to assert a digital logic low value onto the D-1nput
lead of tlip-tlop 162 of the second stage. This causes tlip-tlop
162 of the second stage to clock 1n a digital logic low value on
the nextrising edge of SINBUF. The result s that flip-flop 162
of the second stage 1s forced to maintain 1ts Q2B output signal
(O1) at a digital logic high value for one more clock cycle,
rather than toggling 1ts Q2B output signal to a digital logic
low value on the next transition of the clock signal. The
forcing of the second stage to suspend divide-by-two opera-
tion for one mput clock period and to maintain 1ts state for one
more clock signal in response to the FMCI1 signal 1s some-
times referred to as “clock swallowing™. The high pulse o1 Q1
1s therefore referred to as a “clock swallow control pulse”
because 1t causes the second stage 138 to perform the clock
swallowing operation. The detecting of the low FMC1 pulse
that initiates the clock swallowing and the resulting genera-
tion of the “clock swallow control pulse” 1s the function of
first stage 157.

Due to the operation of the MDS stages of MMD 331, the
modulus control signal MC3 1s a signal that transitions high a
tew clock periods before the low pulse of FMC1 and that
transitions back low a few clock periods after the low pulse of
FMC1. The modulus control signal MC3 1s therefore conve-
niently used to power up first stage 157 such that the first stage
1s powered and 1s outputting the proper low value of the signal
Q1 before the low pulse of FMC1 1s received onto the first
stage 157. When the low pulse of FMCI1 1s received, the now
powered first stage 157 can detect this low FMCI1 pulse and
can generate the clock swallow control pulse of Q1 as 1llus-
trated 1n FIG. 16. Only after the first stage 157 has output the
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clock swallow control pulse of the signal Q1 and first stage
157 has returned the value of the Q1 signal to a digital logic
low value as indicated 1n FIG. 16, does the MC3 signal return
to a digital logic low value. The digital logic low level of the
signal MC3 can also be used to hold the Q1 output of the
unpowered first stage at the proper digital logic low level by
turning pulldown transistor 184 on (see F1G. 14). If the signal
MC3 1s used to control when the first stage 1s powered, then
(see the wavelorm of FIG. 16) first stage 157 will be powered
up 1in advance of the time when 1t should capture the low pulse
of FMC1, 1t will remain powered during the amount of time
that first stage 157 should output the clock swallow control
pulse of Q1, 1t will be powered down shortly after the first
stage has returned the value of signal Q1 to a digital logic low
level, and due to transistor 184 being turned on i1t will hold the
value of signal Q1 at the proper digital logic low value when
the first state 1s unpowered. Accordingly, in one novel
embodiment, the signals CT and C'TD are made to be logical
iverses of the MC3 signal.

Returming to FIG. 14, 1if S[0] 1s a digital logic high level
(divide-by-three mode) and 11 the power overrnide signal
SPEN is not asserted (SPEN=0), then AND gate 186 outputs
a digital logic high value. This digital logic high value on the
select input of 2-to-1 multiplexer 187 causes multiplexer 187
to select 1ts lower data mput lead. The signal MC3 that 1s
supplied to the lower data mput lead (denoted *“17”) of multi-
plexer 187 passes through multiplexer 187 and 1s inverted by
inverter 189 to generate the signal CT. The signal MC3 as
output from multiplexer 187 passes through delay element
193 and logic gate 190 and inverters 191 and 192 such that the
signal CTD 1s a delayed version of signal CT as indicated 1n
FIG. 16. When the signals CT and CTD are digital logic low
values, the flip-tlop of first stage 157 1s powered. When the
CT and CTD signals are digital logic high values, the tlip-tlop
of first stage 157 1s unpowered. By unpowering first stage 157
in the divide-by-three mode when first stage 157 1s actually
performing divide-by-two operations, power consumption of
MMD 131 i1s reduced.

FI1G. 17 1s a more detailed wavetorm diagram of an opera-
tion of MDS 142 of FIG. 14 when MDS 142 i1s in the divide-
by-two mode (S[0] 1s a digital logic low). The power enable
override signal SPEN 1s not asserted. Because S[0]=0, the
signals CT and CTD are digital logic high values. The tlip-
tflop of first stage 157 1s unpowered, and its Q1 output signal
1s held at ground potential by conductive power-down tran-
sistor 184. The ftlip-tlop of second stage 158 repeatedly
toggles, thereby dividing the mnput signal SINBUF by two.
Note that the period P1 of output signal Q2B is twice the
period of mput signal SINBUF.

FIG. 18 1s a more detailed wavelorm diagram of an opera-
tion of MDS stage 142 of FIG. 14 when MDS stage 142 1s in
the divide-by-three mode (S[0]=1). The power enable over-
ride signal SPEN 1s not asserted. Prior to time T1, modulus
control signal MC3 1s a digital logic low, thereby causing
signals C'T and CTD to have digital logic high values and
keeping the first stage powered down. The waveform labeled
Q1 1indicates the time that first stage 157 1s powered down. At
time T1, the feedback modulus control signal MC3 transi-
tions high. The high value of M(C3 passes through multiplexer
187 and mverter 189 (see FI1G. 14), such that signal CT 1s
forced to a digital logic low value starting at time T2. As
indicated in the wavelorm labeled CT, the signal voltage
ramps down relatively slowly. The high value of MC3 also
passes delay element 193, NAND gate 190, inverter 191 and
inverter 192, such that signal CTD 1s forced to a digital low
value starting at time T3. The voltage of the signal Q1 1s seen
to 1ncrease up to a voltage that corresponds to a proper digital
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logic low value by time T4. First stage 157 1s considered to be
powered up by time T4. Then, at around time 486 nanosec-
onds in the wavetorms of FIG. 18, the feedback modulus
control signal FMC1 pulses to a digital logic low value. First
stage 157 of the circuit of FIG. 14, which at this point 1s
powered and functioning, clocks in this digital logic low
value at time TS. The result 1s a transition of the Q1 output of
the first stage 157 to a digital logic high value, thereby gen-
erating the “clock swallow control pulse”. The label “CML1”
in the Q1 wavelorm of FIG. 18 denotes this digital logic high
value. The clock swallow control pulse causes second stage
158 to suspend toggling for the next SINBUF cycle and
thereby to “swallow” one clock cycle of SINBUF. Note that
the Q2B output of second stage 158, rather than continuing to
toggle as 1t did prior to time T'5, now maintains 1ts digital logic
high value for one additional SINBUF clock cycle. The digi-
tal logic value of signal Q1 returns to a digital logic low level.
The period P2 of MDS stage 142 from time T3S to time T6 1s
three SINBUF clock periods. After the divide-by-three opera-
tion that terminates at time T6, the second stage 158 returns to
its divide-by-two toggling operation. At time 17, the modulus
control signal MC3 transitions to a digital logic low level
thereby causing the C'T and CTD signals to return to their
digital logic high values by times T8 and 19, respectively.
When the signals C'T and CTD return to their digital logic
high values, the first stage 157 1s again powered down and
transistor 184 1s again conductive so that the Q1 output of the
first stage 1s held at the proper digital logic low level. In one
specific embodiment of the MMD of FIG. 4 utilizing the
MDS architecture of FIG. 14, unpowering the first stage of the
CML MDS stages as described above results in a twenty
percent reduction in MMD power supply current consump-
tion. This reduction 1n power supply current consumption 1s
achieved without degrading frequency resolution of the
MMD or compromising the low spurious noise performance
of the MMD.

FIG. 19 1s a flowchart diagram of a method 1n accordance
with one novel aspect. A modulus divider stage (MDS) 1s
controllable to divide an input signal by either two or three.
The MDS has a first stage and a second stage. The MDS of
FIG. 14 1s an example of a suitable MDS having a {irst stage
and a second stage. Initially, the MDS 1s used (step 200) to
divide the input signal by three. When the MDS 1s dividing by
three, both the first stage and the second stage are powered.
Next, the first stage 1s powered down (step 201) without
powering down the second stage. In one example, the MDS
may be dividing the mput signal by two during the time the
first stage 1s being powered down. Alter the powering down,
then the MDS 1s used to divide the mput signal by two (step
202) when the first stage 1s unpowered. After the MDS has
divided the mnput signal by two when the first stage 1s unpow-
ered, then the first stage of the MDS 1s powered up (step 203).
In one example, this powering up 1s performed 1n anticipation
of an upcoming divide-by-three operation to be performed by
the MDS. Process flow returns to step 200 such that the MDS
1s used to divide the mput signal by three.

Although certain specific embodiments are described
above for 1nstructional purposes, the teachings of this patent
document have general applicability and are not limited to the
specific embodiments described above. The power saving
techniques set forth above can be applied to circuits using
logic architectures other than CMOS and CML. The propor-
tion of the MMD of FIG. 4 that 1s realized in CML versus
CMOS can be changed. In one embodiment, a buifer 1s dis-
posed between the output of MDS 144 and the mput of MDS
145. The same type of butler 1s disposed in the MC1 signal
path leading into the SB input lead of tlip-flop 154 of FIG. 6.
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This type of bufler includes tour N-channel field effects tran-
sistors M1-M4, two pulldown resistors R1 and R2, and a
capacitor C1. The drains of M1 and M2 are connected to
VDD. The source of M1 1s connected to the gate of M4 and to
the drain of M3. The source of M2 1s connected to the gate of
M3 and to the drain of M4. R1 1s connected between the
source of M3 and ground. R2 i1s connected between the source
of M4 and ground. There are no pullup resistors coupled to the
gates of M3 and/or M4. The signal 1nput to the butfer, input
signal IN, 1s supplied to the gate of M1. The inverse of this
input signal, input signal INB, 1s supplied to the gate of M2.
One terminal of capacitor C1 1s coupled to the source of M3
and the terminal 1s coupled to the source of M4. The builer has
two output nodes. One of the output nodes 1s the source of
M1. The other of the output nodes 1s the source of M2. These
nodes are directly coupled (not capacitively coupled) by con-
tiguous conductors LINE1 and LINE2 to the load being
driven. In one example, LINE1 1s directly connected to the
gate ol an N-channel transistor M5 1n the load. LINE2 1is
directly connected to the gate of another N-channel transistor
M6 1n the load. In comparison to a conventional CML driver
that 1s capacitively coupled to its load, the buifer disclosed
above 1s directly connected (D.C. coupled) to the load. The
buffer automatically biases the operating point of the load.
The D.C. bias voltage on the gate of M5 1s self-biased to be
roughly the sum of the gate-to-source voltage of M4 and the
voltage dropped across R2. Due to this biasing, the bias points
of the butlfer and load are the same, and the butifer need not be
capacitively coupled to the load but rather 1s directly con-
nected to the load. In a conventional CML driver where the
driver 1s capacitively coupled to 1ts load, lower frequency
signals (for example, signals of frequencies less than ten
megahertz) have difficulty passing through the capacitors of
the capacitive coupling. Ninety percent of such signals may
be rejected by circuit. Signal strength 1n the load 1s therefore
small for such low frequency signals. As a consequence, the
conventional circuit may not see use where such lower fre-
quency signals are to pass through the buifer during circuit
operation. In the directly coupled bufler described above,
more energy 1 low frequency signals 1s transferred to the load
due to the direct bufler/load connection, and the butfer sees
use where signals having low frequency components (for
example, down to five kilohertz) are to pass through the butfer
during circuit operation. By dispensing with the capacitors of
the convention buffer circuit, the size of the overall circuit 1s
made smaller as 1s the length of the connections between
bufler and load. Because the connections can be made shorter
and smaller, the parasitic capacitances of the connections 1s
less. Die area1s saved. Because the buffer need not drive these
parasitic capacitances during circuit operation, power con-
sumption 1s reduced in comparison with the conventional
buftfer.

The output synchronizer of FIG. 6 1s but one example of an
output synchronizer that synchronizes without using the high
speed MMD 1nput signal. In another example, the signals
MC1 and MC1B are supplied to the set and reset input leads
of a CML latch. The Q output lead of the CML latch 1s
coupled to a clock mnput lead of a D-type flip-flop. The D-1n-
put of the flip-tlop 1s held at a digital logic low. The logical
inverse of the O6 signal of FIG. 4 15 coupled to an asynchro-
nous set iput lead (SB) of the flip-tlop. The SOUT signal 1s
output onto the Q output lead of the tlip-tlop. In addition to the
circuit just described, other circuits can be used that generate
one edge of the desired signal SOUT using MC1, and that
generate the next edge of SOUT using an MDS output signal.

Accordingly, various modifications, adaptations, and com-
binations of the various features of the described specific
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embodiments can be practiced without departing from the
scope of the claims that are set forth below.

What 1s claimed 1s:
1. A method comprising:

(a) using a modulus divider stage (MDS) to divide an input
signal by three, wherein the MDS includes a first stage
and a second stage, wherein the MDS 1s controllable to
divide the mput signal by either two or by three;

(b) powering down the first stage of the MDS without
powering down the second stage of the MDS; and

(¢) after said powering down of step (b) using the MDS to
divide the mput signal by two when the first stage 1s
powered down.

2. The method of claim 1, wherein the using of step (a)
ivolves:

recerving a pulse of a feedback modulus control signal into
the MDS; and

using the first stage to detect the pulse of the feedback
modulus control signal and to assert a clock swallow
control pulse, the clock swallow control pulse causing,
the second stage to suspend a toggle operation per-
formed by the second stage.

3. The method of claim 2, wherein the first stage supplies
the clock swallow control pulse across a signal conductor to
the second stage, wherein the clock swallow control pulse 1s
a pulse of a first digital logic level, and wherein when the first
stage of the MDS 1s powered down the signal conductor 1s
maintained at a second digital logic level.

4. The method of claim 3, wherein the signal conductor 1s
maintained at the second digital logic level by controlling a
transistor to couple the signal conductor to a ground conduc-
tor when the first stage of the MDS 1s powered down.

5. The method of claim 2, further comprising:

(d) after said using of step (¢) powering up the first stage of
the MDS and then repeating step (a).

6. The method of claim 5, wherein the powering up of the
first stage 1n step (d) 1s started more than one mmput signal
clock period prior to the dividing of the iput signal by three
in the subsequent step (a).

7. The method of claim 1, wherein the MDS 1s operable 1n
cither a divide-by-two mode or a divide-by-three mode,
wherein in the divide-by-two mode the MDS divides the input
signal by two regardless of a value of a feedback modulus
control signal, wherein 1n the divide-by-three mode the MDS
divides the input signal by either two or by three depending on
a value of the feedback modulus control signal, and wherein
the dividing by two of step (¢) 1s performed when the MDS 1s
operating 1n the divide-by-two mode.

8. The method of claim 1, wherein the MDS 1s operable 1n
either a divide-by-two mode or a divide-by-three mode,
wherein 1n the divide-by-two mode the MDS divides the input
signal by two regardless of a value of a feedback modulus
control signal, wherein 1n the divide-by-three mode the MDS
divides the input signal by either two or by three depending on
a value of the feedback modulus control signal, and wherein
the dividing by two of step (¢) 1s performed when the MDS 1s
operating 1n the divide-by-three mode.

9. The method of claim 1, wherein the MDS 1s realized at
least 1 part 1n current mode logic (CML).

10. The method of claim 1, wherein the first stage com-
prises an amount of flip-tlop circuitry and a supply voltage
conductor, and wheremn said powering down of step (b)
involves decoupling the amount of flip-flop circuitry from the
supply voltage conductor.
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11. A multi-modulus divider comprising:

a first modulus divider stage (MDS) that divides an input
clock signal by either two or three and outputs an output
clock signal, wherein the first MDS comprises:

a first stage that outputs a clock swallow control pulse
when the first MDS 1s to divide by three, wherein the
first stage 1s powered down at least part of a time that
the first MDS 1s dividing by two; and

a second stage that toggles when the first MDS 1s divid-
ing by two, the second stage outputting the output
clock signal, the second stage suspending a toggle
operation upon receipt of the clock swallow control
pulse such that the MDS divides by three.

12. The multi-modulus divider of claim 11, further com-
prising;

a second modulus divider stage (MDS) that recetves the

output clock signal from the first MDS and that outputs

a feedback modulus control signal,

wherein the first stage of the first MDS receives the feed-
back modulus control signal from the second MDS, the
first stage of the first MDS outputting the clock swallow
control pulse in response to recerving the feedback
modulus control signal.

13. The multi-modulus divider of claim 11, wherein the
first MDS 1s operable 1n either a divide-by-two mode or a
divide-by-three mode, wherein in the divide-by-two mode the
first MDS divides the mnput signal by two regardless of a value
of the feedback modulus control signal received from the
second MDS, wherein in the divide-by-three mode the MDS
divides the input signal by either two or by three depending on
a value of the feedback modulus control signal received from
the second MDS, and wherein said at least part of the time
during which the first stage 1s powered down 1s a time that the
first MDS 1s operating 1n the divide-by-two mode.

14. The multi-modulus divider of claim 11, wherein the
first MDS 1s operable 1n either a divide-by-two mode or a
divide-by-three mode, wherein in the divide-by-two mode the
first MDS divides the input signal by two regardless of a value
of the feedback modulus control signal received from the
second MDS, wherein in the divide-by-three mode the MDS
divides the input signal by either two or by three depending on
a value of the feedback modulus control signal recerved from
the second MDS, and wherein said at least part of the time
during which the first stage 1s powered down 1s a time that the
first MDS 1s operating 1n the divide-by-three mode.

15. The multi-modulus divider of claim 11, wherein the
first stage of the first MDS comprises:

a signal conductor across which the first stage of the first
MDS supplies the clock swallow control pulse to the
second stage of the first MDS; and

a transistor that couples the signal conductor to a ground
conductor when the first stage of the MDS 1s powered
down.

16. The multi-modulus divider of claim 11, wherein the

first stage of the first MDS comprises:

an amount of tlip-tlop circuitry;

a supply voltage conductor; and

circuitry that decouples the amount of flip-tlop circuitry
from the supply voltage conductor when the first stage of
the first MDS 1s powered down and that couples the
amount of flip-tlop circuitry to the supply voltage con-
ductor when the first stage of the first MDS 1s powered.

17. A circuit comprising:

a first tlip-tlop having clock mnput node, a data input node
and a data output node;

a first NOR circuit that outputs a signal onto the data input
node of the first tlip-tlop, the first NOR circuit having a
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first input lead, a second input lead, and a third input
lead, wherein a modulus divisor control signal 1s present
on the first input lead of the first NOR circuit, wherein a
feedback modulus control signal 1s present on the sec-
ond 1nput lead of the first NOR circuit;

a second thip-flop having a clock mput node, data input
node and a data output node, the clock mput node of the
second tlip-tlop being coupled to the clock mnput node of
the first tlip-tlop; and

a second NOR circuit that outputs a signal onto the data
input node of the second flip-flop, the second NOR
circuit having a first input lead and a second input lead,
wherein the first input lead of the second NOR circuit 1s
coupled to the data output node of the first flip-flop, and
wherein the second data input lead of the second NOR
circuit 1s coupled to receive a data output signal output
from the second tlip-tlop,

wherein the first thip-tlop 1s powered down during a time
that the second tlip-tlop 1s functioning as a toggle tlip-
flop and 1s dividing an input signal on the clock mput
node of the second thp-flop by two, and wherein the first
tlip-flop 1s powered up during a time that the first flip-
tflop, the first NOR circuit, the second flip-tlop and the
second NOR circuit are operating together to divide the
input signal by three.

18. The circuit of claim 17, wherein the second flip-flop has

a second data output node, wherein the data output signal that
1s output from the second tlip-tlop onto the second data input
lead of the second NOR circuit 1s a signal on the second data
output node of the second flip-flop.

19. The circuit of claim 17, wherein the circuit 1s a modulus
divider stage (MDS) of a multi-modulus divider, the multi-
modulus divider including a plurality of other modulus
divider stages, wherein one of the other modulus divider
stages supplies the feedback modulus control signal onto the
second 1nput lead of the first NOR circuat.

20. The circuit of claim 17, wherein the circuit 1s a modulus
divider stage (MDS) of a multi-modulus divider, the multi-
modulus divider dividing an mput clock signal by a divisor
value and outputting an output clock signal, wherein the
divisor value 1s determined by a plurality of modulus divisor
control signals, and wherein the modulus divisor control sig-
nal that 1s present on the first input lead of the first NOR circuit
1s one of the plurality of modulus divisor control signals.

21. A modulus divider stage comprising;:

a fhip-tlop stage that has a control input lead, a clock 1nput
lead, and a data output lead, wherein the tlip-tlop stage
receives a clock input signal onto 1ts clock input lead and
toggles 1 a first digital logic level 1s present on the
control mput lead, wherein the toggling 1s suspended 1f
a second digital logic level 1s present on the control input
lead at a particular time; and

means for detecting a feedback modulus control signal and
for asserting a clock swallow control pulse onto the
control mput lead at the particular time such that the
toggling of the flip-flop 1s suspended for one period of
the clock mput signal, the clock swallow control pulse
being a pulse of the second digital logic level, wherein
the means 1s substantially unpowered prior to the detect-
ing of the feedback modulus control signal, 1s powered
during the detecting of the feedback modulus control
signal and during the asserting of the clock swallow
control pulse, and 1s then substantially unpowered after
the clock swallow control pulse.

22. The modulus divider stage of claim 21, wherein the

particular time 1s a time when a transition of the clock input
signal occurs, wherein the flip-tlop stage includes a flip-tlop,
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and wherein the toggling 1s suspended by preventing the
tlip-flop from changing states 1n response to the clock mput

signal transition.
23. A multi-modulus divider comprising;

means to divide an 1mput signal by three using a modulus
divider stage (MDS), wherein the MDS 1ncludes a first

stage and a second stage, wherein the MDS 1s control-
lable to divide the mput signal by either two or by three;

means for powering down the first stage of the MDS with-
out powering down the second stage of the MDS; and

means for dividing the input signal by two when the first
stage 1s powered down.

24. The multi-modulus divider of claim 23, further com-
prising:
means for receiving a pulse of a feedback modulus control
signal ito the MDS;

means for detecting the pulse of the feedback modulus
control signal using the first stage; and
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means for asserting a clock swallow control pulse, the
clock swallow control pulse causing the second stage to
suspend a toggle operation performed by the second
stage.

25. The multi-modulus divider of claim 24, wherein the
first stage supplies the clock swallow control pulse across a
signal conductor to the second stage, wherein the clock swal-
low control pulse 1s a pulse of a first digital logic level, and
wherein when the first stage of the MDS 1s powered down the
signal conductor 1s maintained at a second digital logic level.

26. The multi-modulus divider of claim 25, wherein the
signal conductor 1s maintained at the second digital logic
level by controlling a transistor to couple the signal conductor
to a ground conductor when the first stage of the MDS 1s
powered down.

27. The multi-modulus divider of claim 24, further com-
prising:

means for powering up the first stage of the MDS.
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